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IT, SCIENTIFIC SURPOSES 
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The principal motivation for concucting the Pocibo program is the 
possibility of obtaining by radio telemerzy, scientific data for long periods 
of time from a balloon near the top of the a™ospheré. In the past, balloon 
flights have given data from times ranging from 3 hours in the wintertime 
up to 4G hours in the summertime. These times are decermined by the line- 
ofesight range for ultra-high frequency radio telemetry circuits which have 
been used for many scientific flights, Although the long range tracking 
of balloons has been carried cut for meteorclogical purposes using high 
frequency radio communication with signals refleated From the ionosphere, 
the amount of scientific information which coula be transmitted has been 
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system, In this system the bailoon wail drift arourd the polar region and 
would be in continuous radic contact with é numbers of tracking stations 
Situated in the Arctic, Such a high altiride monitoring station has many 
desirable features, For particle measurements ana some atmospheric physics 
Studies, it is parvicularly valuable in the Polar region, The tyve of 


n experiments were 
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investigations which were originally proposed and for whi 
constructed and flown on this program include tre measurement of low energy 
primary cosmic rays using parvicie detectors to separate the isotopes, 

the measurement of the total cosmic ray ionizataon, and studies of the time 
variations and the positional variations cf the cosmic radiation at points 
both clese to and somewhat removed from the seomagnetic pole, Such studies 
are particularly appropriate for the period of uumspon mirimum activity 
wnen the low energy primary particles increase in intensity. Another 
perticle type phenomer.a for which measurements were attempced is the 
x-rays procuced by e.sctreom precipitation from the megnetoschere. These 
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earth's magnetic field and can be measured and studied in the polar regions, 
Atmospheric studies of ozone, atmospheric infrared temperature, and the 
electric field gradients at balloon heights appeared to have many interesting 
possibilities and were also included on some attempted flights. The relation 
of these atmospheric factors to the stratospheric polar warmings might 
produce an important link in this meteorological phenomenon. It was hoped, 
also, that the radio direction finding proposed for the project would be 
precise enough so that the trajectory analysis of the balloons would add 
significant information to knowledge of the polar circulation, The air 
mass trajectory provides an independent method of studying the circulation 
which otherwise is obtained from individual meteorological soundings from 
stations distributed over the polar regions. 

The principal interest of the group at the School of Physics and Astronomy, 
University of Minnesota is the particle measurements, and considerable 
effort has been put into the detectors and other devices flown on the 
Pocibo payload for this purpose. The fundamental problem of interest is the 
study of the solar cycle modulation of galactic cosmic rays. It has been 
known for several solar cycles that the primary paatstton has a negative 
correlation with the solar indices shown, for Suet; by sunspot numbers, 
and that the relative modulation of the primary cosmic rays is sensitive 
to the rigidity of the particles, being high for the low rigidity particles 
and small for the high rigidity particles, Measurements over several 
solar cycles with high altitude ionization chambers have shown that during 
a brief period at solar quiet, the ionization shows a rapid increase with 
decreasing altitude close to the top of the atmosphere, This and other 
direct particle measurements show-that the low energy particles return only 


near the period of sunspot minimum. The object of the investigation is to 
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measure these low energy primary protons, a-particles and other nuclei, 

to study their time variation during this period, to detect any spectral 
changes, to account for the unusual phenomena seen in the total ionization 
and, in general, to observe the various features of the solar modulation, 
In particular, the Pocibo balloon which had the planned capability of 
remaining airborne for many days could have studied the time variation of 
these low energy galactic particles in relation to solar activity and in 
relation to the asymptotic direction in space of the trajectory of the 
particles which reach the balloon as the earth rotates for the 24-hour period, 
This would give some clues as to the spatial distribution of these particles 
outside the magnetosphere of the earth and perhaps some measure of the 

scale size of the solar irregularities which caused their modulation, 

These cosmic ray measurements of total ionization, particle spectra, and 

to some extent, the x~ray measurements were the main series of experiments 
on Pocibo, Unfortunately, due to the difficulty with balloons,as will 

be described below, on the main Pocibo program only preliminary results 
were obtained with these instruments. However, a recent series of balloon 
flights in the Arctic in the spring of 1965 has provided good data, but 
with a much more limited set of objectives than the original Pocibo program. 


This will be described below in the "Little Pocibo" paragraphs, 


II, POCIBO AND THE IQSY 


The various scientific objectives of the Pocibo program were ideal for 
the period of solar minimum and provided the possibility of collecting data 
which could not be obtained with earth satellites, The U. S. National 
Committee for the IQSY approved this program as an pe ricist part of the 


U.S, effort, and invitations were made to other experimental groups to 


participate in the program, This might be done by providing experiments 
to put into the payload which could then be powered by the common battery 
supply, and the results telemetered back to the various groups who were 
participating. Also, the participation might invoive cooperation in the 
launch sites of the balloons and the general idea was one of attempting to 
make the program a real international program of scientific cooperation 
in the most ideal sense, The program was described in the U.S. and 
International IQSY publications and was discussed at the IQSY Meeting 
in Rome in 1963. Considerable interest was aroused in various groups; 
however, the project failed to achieve cooperation between the Westerm 
countries and the Soviet Bloc nations and could not be officially endorsed 
by the Rome IQSY meeting, These questions were discussed on other occasions 
with varlous international groups including representatives of the 
Soviet Union, but no agreement was ever reached on the conduct of balloon 
flights of this kind, and no general agreement on the use of air space of 
the nations having territory in the polar regions was achieved, However, 
a resolution endorsing the Pocibo program for the IQSY was passed at a 
meeting of the COSPAR. 

The winter operation of Pocibo in January, February and March, 1964 
was conducted from Barrow, Alaska, but preeael ons had to be taken so that 
the balloons would not fly out of the territorial boundaries of Alaska. 
The only reason for attempting the operation at all under these circumstances, 
since it was obviously impossible to carry out the original objectives with 
this restriction, was that there were many unsolved technical problems 
with the launching, the telemetry, the payload, the balloon controls and 
the balloon vehicle itself, Major problems with the balloons and some other 


items prevented success with any of the Barrow flights, and the question of 
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overflight over other countries never arose. Previously, permission had 
been sought to launch the IQSY Pocibo program from Danish territory at 
Thule, Greenland Airbase, but this permission was refused by the Danish 
government. An agreement was reached with the Norwegian government through 
its Space Commission to conduct launchings from northern Norway in the summer 
of 1964 under conditions such that the balloons would drift to the west 
across the Atlantic from Norway. By this time, an agreement had been made 
with Canadian government for the Pocibo balloons to pass over northern 
Canada, Again, balloon failures prevented realization of these summer 
flights and gave no chance to test the tracking of balloons over large 
distances. Quite a number of inquires continue to be made by persons 
interested in the project as a result of the IQSY meetings, but the major 
difficulties with the balloons floating in the air-space of unfriendly 
countries provides a major stumbling block for the ultimate success of this 
effort. 

During the Norway operation in the summer of 1964 the lmiversity of 
Bergen, Norway and Litton Industries in Minneapolis, Minnesota provided 
experiments which were flown. These were developed by Dr. Harald Trefall 


of Bergen and Dr. Runke of Litton. 


III, MAJOR TECHNICAL PROBLEMS 


A. Balloons 

At the beginning of this project, the art of building large plastic 
balloons had been in existence for 15 years, It was considered that the 
design and construction ‘of a suitable balloon to lift the Pocibo payload 
of weight between 400 and 600 lbs. was a technical problem that was more 


or less solved, The actual experience, however, showed that the persistent 


problem of balloon failures was still present, and out of the eight 
launching attempts with full scale Pocibo payloads, only one flew 
successfully. 

One of the unknams in designing a balloon was the effect of launch 
shocks on the polyethylene at low temperature in the Arctic, However, 
except for this unknown quantity, it was expected that standard design 
procedures would lead to a satisfactory vehicle, By agreement between 
Raven Industries and the University of Minnesota, the design adopted was 
a polyethylene balloon of one mil thickness made over the tailored tapeless 
natural shape design. This design was originated in balloon studies made 
at the University of Minnesota and has been widely used in the industry. 

The natural shape configuration has eoindne en sections sufficiently 
large in diameter so that when gathered to the top and bottom fittings, 

enough plastic was present to support the load, The balloon was equipped witt 
a full duct appendix so that it would not take air even when settling from a 
ceiling altitude of 8 millibars to a ballast floor of 30 millibars, The 
guaranteed exclusion of the air can be achieved by attaching the duct 
appendix above the zero pressure point for lowest floating level, and is 
necessary for long flights where the balloon is not to lose altitude due 

to the intake of air and subsequent mixing with the balloon gas. The 

balloon was designed for a payload of 600 lbs. and had a volume of 1,5 mllio 
cubic feet. A flight train schematic is shown in Figure 1. Actually, the 
balloons flown on Pocibo flights 1 and 2 at Fort Churchill in the summer of 


1963 were of preliminary design of somewhat thinner material and designed 
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for somewhat lighter loads. It was one of these balloons, however, that gave 
an excellent flight (Pocibo 2) and showed some interesting I. R. radiation 


effects on the balloon behavior, (See Sec. IV). The other Churchill flight 


NATURAL SHAPE 
TAILORED TAPELESS 
1.5 xlo® Fr 
GT-66 OR 
| MIL POLY 


FULL DUCT 


<— 28' PARACHUTE 


~a— POCIBO FLIGHT PACKAGE 


570 Ibs 
94.0 TWIN LEAD-—2_, 
; { ANTENNA 
70 KC. 2/2 
POCIBO LENGTH = 2.14 KILOMETERS 
FLIGHT 
TRAIN 


* 19 Cu WIRE 


TOTAL WEIGHT 
=!000 Ibs. 


Figure i 


- 10 = 


failed at ceiling and came back to the ground immediately (Pocibo 1), The 
details of the polyethylene balloons ordered for the remainder of the progran 
are shown in the accompanying balloon specification sheet, Table I, ‘These 
balloons were manufactured of inspected material, were made with great care 
and no manufacturing defects as such were found during use, Five of the six 
balloons purchased were launched. None of tnem flew successfully and the 
failures quien a variety of different types, The first of these balloons 
flown was Pocibo 3 launched from Point Barrow, 3 March 1964 and burst at 
ceiling evidently from a valving problem, Pocibo 4, flown from Point 
Barrow, Alaska on 6 March 1964 developed a leak which may have occurred 
during launch, This balloon leveled off at about one hundred fr iabaee and 
eventually returned to the ground after six hours, The next balloon burst 
on launch release, This launch is shown in Figure 2, The launch sled and 
a Pocibo payload can be seen in these photos, The other two polyethylene 
balloons were flown from Andéya Airfield, Norway on flights 7 and 8, Both 
of these, in order to avoid any damage at launch, were launched vertically; 
that is, the balloon was inflated using the conventional launch spool 
technique to the required lift by metering, then the balloon was rolled up 
through the spool, transferred by a winch to the gondola and Launched by 
cutting the anchor line. The entire assembly then took off in the vertical 
configuration in a smooth and very gentle manner, Absolutely calm winds 
were, of course, needed for this and occurred on two occasions at Anddya 
Airfield, However, despite the good launch, one of these balloons burst at 
ceiling, evidently encountering a valving failure. The other one burst at 
the tropopause. One of these launches is shown in Figure 3, The failures 
with these one mil polyethelene balloons were of various types associated 


with the deployment of the fabric on ascent or the stresses developed during 
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of the National Geographic Society. 


Photographs by Ted Spiegel courtesy 
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valving or launching. One must conclude that the 1 mil material is not 
sufficiently strong and that the design is inadequate in many respects to 
handle tne 1,000 lbs. of lift normally in the bubble, In the case of 

flignts 7 and 8, it was shown that the meterec inflation gave the correct 
weigh-off as read on a dynermometer, and that therefore, the balloons di 

not leak, Furthermore, they were airborne very gently in the vertical launch 
without launch shock, These experiences showed that the failures must be 
attributed to inherent problems in the design of the balloon for payload 
weights of the Pocibc magnitude, inth the tailored tapeless natural shape 
configuration. 

In preparation for the Norway field trip, three balloons of another 
type were procured from the G. T. Schieldahl Company. These were of 
similar size to the soiyethvlens balloons and were constructed of light 
weight mylar scrim material developed by Schjeldahl (see specification 
Sneet, Table II). The balloons were very strong, and the layout and 
inflation at the And¢ya Airfield encountered no difficulties, However, 
Pocibo 5, the first flight to be airborne, rose about one mile and leveled 
off and eventually settled into the cceern, This flight did not attain 
sufficient altituce to release the telemstry antenna. The second flight, 
Pocibo 6, when released from the launch spool picked up the payload 
momentarily to a height of 10 ft. and settled back to the ground, It now 
became apparent that there was a serious leak problem, The third balicon 
was hangar testec and it was found thet these lightweight mylar scrim 
balloons were porsus and lost gas at 4a rate of about 10% per hour. ‘This 
loss rate easily accounted for the larse icss of lift observed on flights 
S and 6. The cause of this failure was determined later by the Schjeldahl 


Company to be due tc the bonding adhesive between the scrim and the mylar layer 
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sticking over onto the next layer on the spool of material,so that when the 
material was unwound, tiny breaks were produced in the mylar. These breaks 
could be found by microscopic investigation, The stickiness was reportedly 
apparent when the material was unrolled to fabricate the balloon as the 
layers could be observed to cling together and break away with slight 
crackling noises. 

‘4. mylar balloon during inflation in Norway is shown in Figure 4. The 
leakage curve for an identical balloon during a hangar inflation test is 
shown in Figure 5. The portion inflated in the hangar was approximately 
that shown. during eel inflation in Figure 4, 


Since the balloon failures prevented eny real scientific success, with 


the Beoieee: they constituted a major catastrophy. The problems were dis- 
cussed with’ the manufacturers and with various other people, and it was 
apparent that balloon difficulties at this time were common throughout the 
industry. 

Detailed reports on the leakage problem in the mylar balloons have been 
forwarded to the National Science Foundation, and to the balloon industry. 


Unfortunetely, in the case of the polyethylene balloons, the exact causes 


of failure remain unproven. 
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TABLE I 


POCIBO BALLOON SPECIFICATIONS 


Polyethylene Balloons Manufactured by Raven Industries, Inc. 


Type of Balloon: Natural shape, tailored tapeless construction with 
full duct appendix, Cylindrical top and bottom sections to 
support load with proper safety factor. Raven Balloon Type 
2333=351-5157, 

Diameter: 157.6: ft. 

Gore Length: 220.5 ft. 

Volume : 1,500,000 Cus its 

Number of Gores: 59 % 

Design £: 0.25 at 330 1b. load. 

Flying 2: 0,18 at 550 1b, load. 


Inflation Tube: 15 inch layflat 2.5 mil polyethylene, 90 ft. long, 
190 ft. along gore from base. 


Appendix: Full duct attached 120 inch layflat. Length 190 ft., 
10 inches. 


Base End Fitting: 1/2 inch eyebolt and spool banded to balloon with 
two 3/4 inch wide wraps. 


Top End Fitting: Spool with two banding wraps similar to base fitting. 


Balloon thoroughly corn-starched. Designed for 600 lb. payload. 
Constructed of 1.0 mil polyethylene. Approximate weight - 380 lbs. 


Number Procured: 6 
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TABLE II 
POCIBO BALLOON SPECIFICATIONS 


Mylar Scrim Balloons Manufactured by G. T. Schjeldahl Company. 


Type of Balloon: Natural shape with full duct appendix. 
Schjeldahl Model Number GTS S-55, 


Diameter, Gore Length and Volume: Same as Raven balloon, 
Inflation Tube: 160 ft. long. 
Appendix: Attached duct enters balloon 115 ft. from base. 


Top and Bottom End Fittings: Double banded. 


Constructed of 0.25 mil mylar with attached scrim webbing, single 


layer construction, Approximate weight 240 lbs. 


*’ Number Procured: 3 


$e 
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B, Long Range Radio Tracking and Communication. 

1. General Consideration, -. 

For many years, there has been a need for a long range communication 
system suitable for recovering scientific data from high altitude balloons, 
This need arises because of the drift of the balloon away from line-of- 
sight tracking stations and the subsequent rather short flights one gets 
in the wintertime high wind conditions, Even in summertime, flights are 
usually limited to 15 or 20 hours if only line-of-sight range is used from 
launch locations over northern U. S. or Canada, Inspection of the 10 mb 
polar maps constructed during the IGY by the Stratospheric Research Group, 
U. S. Weather Bureau, (De, Sid Teweles), showed that balloons launched from 
very northerly points such as Thule, Greenland; re Alaska; northern 
Norway or Resolute Bay, Canada, would drift so that they would remain 
within 3000 miles of these locations, The real eeenicn was to find a system 
wnich would give tracking accuracy suitable for meteorological trajectory 
purposes, and at the same time be able to transmit the scientific data on 
cosmic radiation and other parameters from the payload, The propagation 
characteristics of various frequencies, particularly at sunspot minimum 
conditions, were investigated. It was decided that if a line-of-sight 
VLF system was used, the number of tracking stations would be prohibitively 
large and even then the tracking could only be accomplished across part of 
the Polar region. The direction finding problem at the LF range above 1 
megacycle seemed to make this region also unsuitable for tracking purposes 
although it would be possible to use such frequencies for telemetry trans- 
mission. During some preliminary work in the summer of 1962 at Fort Churchill, 
Mr. Peter Hoff of the Defense Research Northern Laboratory suggested the use 


of a VLF frequency because of the much smaller polarization sky wave error and 
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the lack of solar ionospheric day-night influence. With VLF frequencies, one 
achieves good 24 hour per day propagation over very long ranges, It was 
expected that during the winter night the spheric level, which is one of 
the problems of this frequency range, would be low in the Arctic. The 
difficulty with the VLF frequency range is the size of antenna needed for 
efficient radiation, With very low frequency ground base transmitters, 


extremely large amounts of power are needed because of the low antenna effic 


iency, since it is essentially Impossible to get a resonant entenne From t 
balloon, however, Flatine at high altitude, it seesec mssible to provide a 
half wave dipole if the VLF frequency was not too low. It was decided to 
compromise en a frequency of around 70 ke which meant that the half wave 
radiator would be 2,14 km in length, The type of radiator chosen was the 
free space dipole similar to that. developed for higher frequencies on the 
University of Minnesota balloon project in 1354, With this radiator the 
transmitter is located at one end of the antenna, which consists of a sectic 
of twin lead half the length of the antenna and a single lead for the other 
half. In effect, this antenna is a center fed half wave dipole in which one 
leg of the antenna is combined with the transmission line so that the trans: 
mitter can be located in the balloon and the entire antenna trailed down be. 
Work was begun on the problem of deploying a length of wire approximatly a 
mile and a half long and after many trials including even some preliminary 
Pocibo type flights at Churchill with winches and various devices, a yo-yo 
spool was devised by Mr. Rudolph Thorness of the Physics Department, Univer: 
of Minnesota, This yo-yo spool contained the entire antenna wound up betwe 
the two aluminum spinnings which constituted the yo-yo, It was dropped fro 
the balloon.and unwound freely trailing the wire our behind, The yo-yo is 


gyroscopically stable and aerodynamically streamlined and falls rapidly, 
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achieving a spin velocity of up to 10,000 rpm and a iinear speed of several 
hundred miles per hour near the end of the drop. At the end of the drop, 

the spool leaves the wire and falls to the ground, The drop must be con- 
ducted over remote areas and this precaution was observed on the flights. 

Many difficulties were encountered in the development of this system, but 

once the technique of winding the wire and constructing the spool was achieved 
the drops became very reliable, No failures on the main Pocibo program were 
encountered from the yo-yo antenna drop. About 20 helicopter ascents were 
used, 

With the antenna problem and deployment problem solved, a iC watt crystal 
controlled telemetry transmitter was constructed and a suitable digital data 
system devised with a bit rate of either 16 bits per second or 32 bits per 
‘second, This digital data system achieved the maximum information rate for 
the band width used and employed the Manchester type bi-phase modulation 
which has been used for satellite and space probes. Reception of the signal 
was simple and could be done with ordinary tape recording equipment. The 
telemetry tapes were fed through a signai conditioner for automatic computer 
analysis, This digital system has been completely worked out and is one of 
the major technical achievements of this program, It is described in detail 
below in the "Airborne System” and "Ground Station” sections. 

Due to the balloon failures, no adequate opportunity for testing the 
long range capability of the overall system was obtained, However, one of 
the flights at Barrow was tracked for a considerable distance, although the 
balloon was not at ceiling altitude, from both the T=3 drifting tracking 
station and the station at Barrow, In general, it was found that the spheric 
levels in the Arctic winter were very low and that the noise background was 


more or less as expected, However, in the summertime in full sunlight in 


9D es 
northern Norway, considerable spheric problems were encountered, The spherics w 
all connected with weather systems. At times, the spheric level was very low bu 
when storms moved in, the spheric levels became intolerably high. This was on 


the Andéya Airfield site at a latitude of 70° north. 


It was decided to use loop antennas for reception because they could be 
turned to resonance and would, therefore, have a narrow bandwidth and high gain 
and the directional properties would reduce the noise by confining it to 
directions towards and away from the balloon, Details of the loops follow 
below. Two crossed loops were used, one with its plane directly toward the 
balloon and another one at right angles to null the signal. The telemetry 
signal from the maximum signal loop was then compared in phase and amplitude 
with that from the null loop by a cross-correlating device and the resultant 
Signal used to drive a servo which turned the loops. In the initial stages 
of the project in the spring of 1964 before this automatic system had been 
developed, single loops were used and were nulled by hand using an output meter 
on the receiver and a special technique for taking readings either side of 
minimum signal, It was hoped to achieve a directional bearing securacy of 
less than 1 degree. The umber of test cases were insufficient to establish 
whether such accuracy could be achieved. And, in fact, more than two DF 
stations are actually needed in order to check the accuracy, Since none of 
these conditions were really reached in the project, the ultimate capability 
of the direction finding idea has not been satisfactorily explored. A detailed 
discussion of the DF system is given in the section describing the ground 


station. 
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2. Limitations of Telemetry Range 

The transmitter efficiency was extremely high and produced 10 watts 
peak power output. However, inevitable losses occurred in the very long dipole 
antenna so that the effective peak power transmitted from the space antenna 
was 3 watts. The average power transmitted was 1.5 watts, Considering the 
- duty cycle of the digital keying, at a range of 1000 miles in a lossless 
medium, the signal strength from the transmitter should be 7 uv/meter. 

However, the transmitting medium always contributes some absorption so the 
expected signal will be much lower, Observations relating to the attenuation 
of radio signals in the 70 kc range were made on fixed teletype stations trans- 
mitting from Thule, Greenland and Halifax, Nova Scotia and received at Barrow, 
Alaska in the Pocibo ground station. the transmitting power was assumed to be 
10% of the antenna input power given in the International Log for the stations 
“measured and the observed signal strength’ was noted at the receiving station, 
The average signal strengths were close to the theoretically computed ground 
wave intensities as show in Figure 6, . 

The receiving antenna was an electrostatically shielded loop of 20 turns 
with an area of two square meters and an impedance of 200 ohms into the re- 
ceiver, The VLF receiver had a sensitivity of 0,018yv with a 200 ohm source 
for a zero db signal to noise ratio, The effective bandwidth of the receiver 
was 100 cycles per second, The information bandwidth was 32 cycles per second 
for the 32 bit per second rate. With the loop connected to the receiver, the 
overall sensitivity was 0,08 uv/meter. That is, a radio frequency signal with 
an electric field strength of 0.08 pv/meter would produce a signal at the input 
terminals of the receiver of 0,018 uv. However, the usable threshold of the 
system is considerably higher than this due to the real radiation noise in 


the atmosphere, Even in the absence of man-made local noise at Barrow, and 
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spherics, which were very low at Barrow, the lowest noise level observed 
was 7 db above 0.08 uv/meter in the 100 cycles per second bandwidth of the 
receiver, Under these circumstances, the noise was all due to radio frequency 
radiation from the surrounding space, and the receiver and antenna were intro- 
ducing no appreciable noise, Median values of radio noise to be expected 
are shown in Figure 7, 

It is possible to determine the bit error probability for both the 
16 and 32 bit per second rate, and this is shown in Figure 8, as a function 
of signal to noise ratio measured using the VLF receiver signal level meter. 
For example, for zero db signal to noise ratio in the receiver, the bit error 
probability is less than 0.01 for 16 bits per second, that is to say, the 
errors would be one bit in a hundred bits. Figure 8 and the considerations 
above apply to white type of spectral noise which is not always the type that 
is encountered, but they nevertheless give a figure of merit for the system. 

By the observations that were made of fixed transmitters at known 
distances, it was found that the signal strength was near the computed ground 
wave intensity for the station as shown by the points in Figure 9, Since 
Figure 9 applies specifically to the balloon trensmitter, whose average radiated 
power is 1.5 watts, the fixed transmitter points shown could only be plotted 
after scaling the observed signal strength measured in yv/meter by the factor 


is? 
Cores? 0 One can compute the minimum expected distance in 


order to achieve zero db signal to noise from the balloon transmitter by 
knowing the local radio frequency noise level, This result may be read from 
the lower curve in Figure 9. One would expect to be able to hear the balloon 
a minimum distance of 1600 miles from the Barrow station and still provide a 
zero db signal to noise ratio and a bit error of 0.01. Unfortunately, balloon 


flights of this distance were not achieved on the program, The longest range 
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of telemetry was about 700 miles from the receiving site (shown in Figure 9 

by T~3 points) so these calculations regarding the limits of range for balloon 
Signals were not checked by direct observations, The maximum possible signal 
strength (upper, curve in Figure 9) results from the inverse square law applied 


to the known power radiated by the balloon. 


C,. The Airborne System 


1. Package Design 

-The design of the flight package was achieved as follows: The desired 
altitude range of the flight was first established, then a balloon of 
approximately the right size was selected so that the weight of the balloon 
and the first estimate of the package weight would be compatible with the 
desired altitude range, Then the quantity of ballast to be carried was 
estimated (about 25% of gross) which was between 200 and 300 pounds, The 
other main weight item was the power supply and the antenna for the telemetry. 
Because of the long antenna, the weight of the wire with its dropper was 50 lbs. 
and could not be reduced below this figure, With the 70 kc telemetry system, 
10 watts of power was to be generated, and therefore, this determined the 
battery size and it was decided to use silver cells to save weight and to 
provide good low temperature behavior and constancy of terminal voltage. 
This battery weighed about 40 lbs, With the principal heavy items of the 
system determined, a suitable framework was designed which could support 
the main weight of the payload during a rough launch, for example, if the 
payload dragged on the ground or bumped. It was designed so that the exterior 
of the package was strong enough to protect the instruments and to support the 
rather large ballast load without damage. This required a package which was 
cylindrical in shape, especially molded of fiberglass with strengthening rings, 


and a steel clamp band near the center which locked an aluminum equator plate 


Fo SG es, 


on which the heavy parts of the payload were hung. This arrangement was 
tested by dropping the package on its side or lower edge from certain height 
and it was determined that theconstruction was sufficiently strong to with- 
stand anticipated launch stresses. Launch difficulties were expected becaus 
of possible windy conditions in the Arctic, and in general, the difficult 
logistics of the Polar operation. The complete package with its complement 
of scientific instruments, ballast, battery container, antenna etc., and the 
parachute weighed from 500 - 600 1lbs., depending upon the exact amount of 
ballast used. A cut-away view of the package is shown in Figure 10 and a 
scene prior to launch at Barrow in Figure 11. A view of the Pocibo III 
gondola with cover removed is shown in Figure 12. 

The temperature environment for a one-week duration flight in the Pol 
night is a severe one, and the package had to be designed with rather good 
insulation because the amount of heat available from the payload was small. 
The package was constructed with a 1/8th inch thick fieiwiads exterior line 
with polyurethane foam of low density. The bottom section of the package wa 
open and contained the ballasting device, the antenna drop mechanism, droppa 
radiation detectors and other items. The top two thirds of the package was 
‘thermally sealed and contained the power supply batteries, the telemetry 
system and the scientific instruments. All of these were mounted in an 
aluminum rack which was set on a polyurethane foam base 4,5 inches thick, 
The electrical leads were molded through this space and were the only 
connections through it so that thermal conductivity was kept as low as 
possible. The upper part of the package fitted over this base somewhat like 
a bell jar and was closed tightly to prevent thermal leakage and then clampe 
securely to the lower portion by a steel clamp band. 

The gondola was environmentally checked in the walk-in chamber of 


Environ Inc. in Minneapolis on January 3, 1964, The results of this test 
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are shown in Figure 13. The inside of the gondola was heated with 10 watts 
power which was dissipated by a 100 ohm resistor. The test chamber was coo: 
to -95° F with a jet of evaporating CO. before the power was switched on as 
shown in Figure 13, The temperature inside the gondola approached -64° F 
with a time constant of 4,3 hours. From the temperature time curves, both 1 
total heat loss rate of the package and its heat capacity were evaluated. 1 
heat loss was found to be 0.57 watts per degree centigrade temperature diffe 
ence, and the heat capacity of the package as tested empty to be equivalent 
4,8 pounds of water. The exterior of the package was strongly ventilated 
during these tests. 

Further environmental data was obtained on the Pocibo 4 flight from 
Barrow, Alaska on March 6, 1964, The temperatures were measured inside and 
outside of the package by the temperature cycler and the results from this 
flight are shown in Figure 14, In this particular flight, the balloon lost 
gas by leakage and leveled off near the tropopause with a very slow descent 
until parachute release, The flight equipment operated throughout the 
flight and telemetry records were obtained. If one takes the battery box 
temperature as characteristic of the inside of the gondola and uses the 
total power generated inside (6 watts) and the measurements made in the 
above described environmental test, one finds that the loaded gondola has 
an equivalent heat capacity of 35 pounds of water.’ This has to be determine 
from the cooling time constant of the inside of the package as shown during 
the five hours of flight time in Figure 14, However, the possibility that 
the loss by conductivity is different in the high atmosphere than in the 
test chamber must be considered and in fact a lower thermal conductivity 
could account for the higher apparent heat capacity. The thermal time 
constant for the flight gondola was 31 hours or ieaeee, The lack of long 


flights prevented a complete study of the behavior of the package in the 
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polar environmental situation. In Figure 14, one sees the black-ball 
temperature rise from -60° up to +20° as the sun appeared above the horizon 
on March 6, 1964 over the lower fringes of the Arctic Ocean where the balloon 


was drifting. There is no sunrise effect on the other temperature channels. 


2. Electronic Design - General. 

The main features of the electronic design of the Pocibo package and 
their inter-relationships can be understood by the block diagram, Figure 15, 
This diagram is typical of the complement of instruments flown during the 
Norwegian operation in the summer of 1964, The scientific instruments in 
Figure 15 consist of the ion chamber and geiger counters as a unit, the x- 
ray scintillator, the electric field experiments, thea~tron pressure gauge, 
the proton detector and several additional experiments such as the temperature 
cycler for sensing the black-ball gir temperature, interior package temperatures, 
etc, and the ozone experiment, these latter two not being shown in Figure 15. 
The Pocibo flight unit contained a flight control box which included the flight 
timers, aneroid instruments for terminating the flight if necessary and the 
ballast control system which used the otron pressure gauge as a sensor. 
The flight control box had outputs which would control the dropping of ballast and 
the firing of squibs. All of the necessary information outputs from the 
scientific experiments, the pressure gauge, the ballast sense wheel and other 
necessary bits of housekeeping information were fed into the binary storage 
registers which were sampled by the digital data system in sequence and modu- 
lated the 70 kc transmitter, The other main component was the battery power 
supply for the experiments, for the data encoder, and for the transmitter. 
The principal elements of this system are also shown in Figure 12 which shows 
the Pocibo III gondola flow at Barrow, Alaska in February, 1964. This report 


will not include details of the scientific instruments for collecting cosmic 
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ray and atmospheric physics data. These instruments are similar to those 
already described in the literature or in the case of new instruments will 
be described in the scientific papers delineating the results of the experi- 
ments. We shall describe in this section, in detail,the a-tron pressure 
measuring instrument which is a new and unique development of this program, 
the flight control box and ballast system, the data encoder, the 70 ke’ 
transmitter and the battery power supply. 

All of the information came from the various instruments and detectors 
into the data encoder in the form of pulses which were fed into standardized 
binary storage registers. The differences between the various experiments 
consists in the way in which the sequence of pulses was related to the primary 
event being measured, ‘In the case of temperature, a blocking oscillator was 
used to convert the analog value of the resistence of the thermistor to a 
frequency of oscillation which determined the repetition rate of the pulses 
fed out by the blocking oscillator, A similar system was used in the ozone 
detector which involved phototubes and optical filters. On-off type devices 
such as switches were sampled directly by the data encoder, The proton 
detector gave a serial string of coded pulses which formed a number whose 
value was proportional to the ionization loss of cosmic ray particles in the 
proton detector, The way in which the various temperatures were sampled and 
encoded is shown in Figure 16 which is an electronic and cabling diagram for 
the Pocibo temperature box. The main element is a blocking oscillator wit 
taken out of the standard Weather Bureau radiosonde unit. This blocking 
oscillator then operates a pulse shaper whose output goes into the data 
encoder, The six different thermistors are scanned by a motor driven rotating 
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These instruments specifically for the purpose of controlling the 
balloon or its droppable instruments or measuring the pressure altitude of 
the balloon were grouped together in one container which is called the flight 
control box. (See example in Figure 12). This box contains two plug-insections 
one of these containing gear trains driven by a governed "Brailsford" motor 
which actuated the various timers for terminating the flight ,initiating 
the ballast control and setting the safety limits for low altitude release, 
This board also contained various adjustable aneroid bellows equipped with 
micro-switches for dropping the 70 ke antenna, for releasing the black~ball 
radiation detector and for initiating the low altitude safety cut. Some of 
the switches fired squibs which released the instruments or the gondola itself 
from the balloon, Other switches armed the safety cut and the ballast control. 
A circuit is given in Figure 17. 

The other card contained an a-tron pressure sensor. The a-tron also was 
used in conjunction with a special timing circuit to drop the steel shot ballast 
in a certain manner, Since the a-tron pressure gauge is a fairly unique devel~ 
opment associated with the Pocibo program, it is described in some detail in 
this report. However, complete electrical circuits for the instrument are 
not included but are available from this laboratory. The a-tron gauge is 
basically a density measuring device. The density is measured by collecting 
the ions produced in a small chamber by an extremely low level source of 
polonium 210 which emits a particles and has a fairly short half-life. The 
ionization current is collected by a sensitive stable electrometer with a 
floating grid and an input capacitor. As the capacitor charges due to the 
collection of the ion current, a voltage ramp is produced which eventually 
triggers a tunnel diode discriminator and resets the instrument by shorting 
out the accumulated charge with a reed type relay. A block diagram for the 


device is shown in Figure 18. Basically, the instrument measures density. 
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The density is converted to the ambient pressure at which the balloon is 

floating by a temperature compensation. This temperature compensation is done 
with the proper combination of thermistors and resistors and effectively applies 
the gas law to the density determination to convert it to pressure. The in- 
strument is carefully calibrated in a thermal bell jar setup so that the readings 
depend only on pressure and are independent of temperature over a suitable working 


range. A typical calibration curve showing the response of the instrument to 


pressure and temperature is given in Figure 19, When the a-tron is reset, a pulse : 


is sent to the data encoder for transmission and can be sampled by the telemetry 
system with suitable scaling factors. The a-tron has proven to have many advantage 
over combinations of aneroid bellows and mechanical linkage type amplifiers, It 
gives what is apparently for the first time, highly reproducable pressure altitudes 
for balloons and also provides an almost linear response with altitude (logarithmic 
with pressure) into the region between 1 and 10 millibars. The a-tron that was 
flown on the Pocibo series had one disadvantage in that it was relatively in- 
sensitive to pressure between 1000 millibars and 600 - 700 millibars and also 
showed a temperature dependence in the same region. However, further devel- 
opment of the instrument has been accomplished which corrects these defects and, 
in addition, a solid state type electrometer has been substituted for the vacuum 
tube electrometer described herein and used on Pocibo, A further complete des- 
cription of the improved instrument will be forthcoming. 

The ballast system for Pocibo consisted of a conical shaped hopper which 
could contain from 200-300 lbs. of specially sifted and cleaned steel blasting 
shot. The ballast was released by a maenetie type valve with a permanent magnet 
which held the ballast normally in the interior of the brass iets. ae the 
balloon dropped below the ballast floor, a voltage would be applied to a coil 


which would cancel the field of the permanent magnet and release the ballast. 


Such systems have many advantages ,but also difficulties are encountered, and it is + 
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very important to have an independent check that ballast is actually flowing 

out of the valve. This is done with a small wheel with paddles which was 

placed under the valve and would be caused to turn by the dropping shot. When 

the wheel turned, an electrical contact was made. A simple electronic circuit 
produced a ballast sense signal which was put on the data encoder and transmitted 
by the telemetry system. The system encountered some early difficulties due to 

the fact that the shot seemed to freeze or be retained in the hopper. This might 
have been due to moisture freezing in the hopper. The size of the ballast valve ~ 
was increased after this to insure that ballast would be released, However, no 
real test of the operation of the ballast system in flight was obtained due to the 
bad balloon behavior. The ballast sense is obtained from the a-tron pressure 
gauge by a timing circuit such that a certain pulse of the a-tron starts the 
timing circuit and if the a-tron reset occurs before a certain fixed elapsed tim, 
the ballast system is actuated and drops ballast to fill out the timing interval. 
Thus, the rate of ballast release is in a rough way proportional to the error of 
pressure below the ballast floor, The system is prevented from ballasting at 

low altitude at the beginning of a flight by a timer which enables the ballast 
system after several hours. Thus, the ballasting could be used to drive up a 


balloon which is ascending too slowly or can be used to return a balloon to 


ceiling if it drops from ceiling after the initial ascent. 


3. Electronic Design - Telemetry. 

‘The heart of the Pocibo telemetry system is the data encoder, A block 
diagram and explanation of the logic is shown in Figure 20 and all of the 
commutator circuits are shown in detail in Figure 21, The data encoder pro- 
vides a means for sampling the information on a set of storage binaries in ene 
sequence, arranging the samples in a serial string of bits for modulating the 
telemetry transmitter. In a system of this type which commutates the various 


instruments, it is necessary to reconcile the commutation rate which, in tum, 
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is determined by the available bandwidth of the telemetry system with the 
dynamic range and desired statistical accuracy of the various experiments. ‘Some 
of the experiments were of the simple counting type in which the transitions 

of a binary were recorded as a function of time. Some of the experiments had 
pulse height analyzers to give proportional information about cosmic ray 
particles. These experiments, such as the proton detector, had 64 pulse height 
levels per channel to be read out. Other experiments, such as housekeeping 
information, had only the requirement to determine if a switch was on or off 

and with a time accuracy much less than the cosmic nay experiments, It was 
decided to make available a dynamic range of 1000 to 1 for the counting experiments, 
The counting rate accuracy of the counting experiments was determined by the 
length of time over which the rate was averaged. It was decided to aim at a 
statistical accuracy of around 2.5%. This means that since the error in time 
iyersaueed by the commutator into the rate determination is determined by the 
sampling time for a particular bit, about 40 samples should be taken for each 
expected transition of the bit in question. To reconcile this with the 

dynamic range, 8 storage binaries arranged as a scaler were sampled at the 

0, 4, and 8 binary level in the data encoder. Sufficient pre-scaling was 

used on the counting experiments so that with the lowest expected count rate the 
0 binary would be sampled about 40 times per transition (i.e. would change state 
about once/minute). If the rate increased, the accuracy could be preserved 

by using the 4 or 8 binary sample. The time resolution could be increased by using 
the 0 binary, but with loss of accuracy. In the case of the pulse analyzing 
experiments, the storage binaries were used to accumulate a number proportional 
to the pulse height measured, These numbers were counted into the storage 
binaries very rapidly when the event took place and would remain until read-out 


by the telemetry system, The information from each experiment on the storage 
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binaries or on single binaries is commutated by a transistorized commutator 
into a serial string of bits. This string of bits, for convenience, is broken 
down into a series of six bit blocks or data words, One of these words in each 
frame is used for synchronizing the data frame and is always the same. It was 
the practice to encode the flight number as the synchronizing word so that if 
the signal was heard at any time, it would be possible to tell immediately 
which Pocibo flight was being recorded, This identification was also useful 
for data analysis where there were many tapes to analyze. The sequential string 
of bits then modulated the telemetry transmitter. The bit format for Pocibo IV 
is shown as an example in Figure 22. The ten watt, 71.68 kc transmitter was 
keyed on and off by a method called differentially coherent phase reversal 
keying. This method is, in effect, like using a sub-carrier equal to the bit 
rate, Although in principle, it would be possible to record the bit rate at 
the receiving station as if it were a sub-carrier of frequency equal to the 
bit rate, in practice, the data was recorded in the form of a 935 cycle per 
second carrier keyed as described above. ; This carrier was produced by the secon 
local oscillator on the 70 ke super heterodyne receiver and was recorded at 
1-7/8" per second tape speed. 

The counting experiments fed the data encoder a standard pulse (positive 
3 volt, 5 microsecond with a rise time of 1 microsecond or less) which was 
counted by the storage binaries. On the other hand, the pulse analyzing 
experiments fed their pulses rapidly, immediately after each event into a string 
of six binaries, each of which was sampled and constituted a single word in the 


telemetry system, This form of storage register, used only for pulse height 


que 


analysis, also had a remote re-set command. 
The data encoder transferred blocks of six bits into a shift register whic 
shifted the bits into the transmitter and then accepted a new set of six bits 


(See Figure 20). Before the bits entered the transmitter, they underwent a chant 
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in that each logic zero level from the shift register triggered a binary. Each 
shift pulse also triggered the binary. The output of this system thus keys the 
transmitter on and off with a phase reversal keying in which the phase of the 
effective sub-carrier (frequency equal to the bit rate) 1s changed one-half cycle. 
An example of the transmitted signal obtained from a set of bits is included in 
Figure 22, , 

The exact frequencies used for Pocibo (71.68 kc and 70.656 kc) were chosen 
because the VLF band is fairly free of known stations there and that these fre- 
quencies are multiples of 16 cycles per second which is the basic bit rate, The 
crystal controlled Hanenttten was within + .005% of the previously mentioned 
frequencies. This made it possible to use the bit rate as an accurate and stable 
relative time base for the computer. The absolute time had to be indexed into the 
system, and this was done from known signals on the telemetry channel. In the 
early flights at Barrow, several other back-up radio frequencies were used, 1638 kc 
and 95 megacycles beside the 70 kc. These other frequencies were abandoned by the 
time of the Norway operation because of the complications of deploying the antennas 
and producing the proper radiation pattern around the Pocibo package. 

The six basic circuits of the electronic commutator are shown in Figure 21 
and were mounted on printed circuit boards, The boards supplied the necessary 
flexibility for commutating any number of experiments in any desired format. They 
were all mounted in the data encoder box (See also Figure 12). The circuits were 
designed to work reliably fram -30° C to +30° C with a supply voltage that changed 
30%. The binaries used 4 milliwatts per circuit, the and gates 2 milliwatts per 


circuit and other circuits, 4 milliwatts per circuit. 
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4, Battery Power Supply 
The airborne system was supplied with power from silver zinc batteries, 


We used Gould National cells. These batteries have a large ratio of watt-hours per 
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pound (70) compared with zine manganese cells (25), nickel-cadmium cells (14) and 
lead acid cells (15). The mercury battery (50 wh/lb.) and alkalie battery (40 wh/1b.) 
come closest to the silver zinc battery except that all of the previously mentioned 
batteries lose capacity as the temperature decreases. As an example, lead acid 
batteries have a capacity of 2 wh/lb. at -40°C while silver zinc cells are down to 
about 30 wh/lb. at -40°C, Silver zinc cells cost about one dollar per watt~hour, 
which is about three times the cost of the next most expensive battery (mercury). 
The entire gondola with experiments used about 12 watts of power, six watts were 
used for the 71.68 kc transmitter, This entire battery pack weighed 40 lbs, and 
supplied power for 168 hours, The battery pack supplied experimenters with six 
unregulated voltages (+ 3, + 6 and + 9 volts). The silver zinc cells have a very 
flat (+ 3%) discharge characteristic after the initial discharge from 2 volts per 
cell to 1.5 volts cell (about 10% of the life of the battery is used up before the 
1.5 volt plateau is reached), The internal impedance of the batteries is also very 


low (<.01 2 for a 40 amp hour cell) but increases with decreasing temperature. 


D, Ground Station and Direction Finding. 


The requirements for the ground station include both the recovery of 
telemetered scientific data from the balloons and trajectory determination by 
triangulation using direction finding equipment. Telemetry reception requires 
only that the station be within radio range of the balloon, but at least two 
stations and a suitable base-line distance are required for triangulation. 
Accordingly, ground stations were placed at Barrow, Alaska and on the drifting 
station T-3 for the initial Alaskan flights in January and February 1964. These 
two stations provided a minimum capability for locating the balloon at locations 
not too remote from the launch site at Barrow. In the Norway operation in the 


summer of 1964, tracking stations were located at Andenes, Norway near the launch 


site,at Thule, Greenland and at Barrow, Alaska. The ground station equipment was 
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housed both at Barrow and Andenes in special weather proof buildings constructed 
locally for thatpurpose. The T-3 installation was housed in an abandoned radome 
located near the station camp, The Thule station was housed in one of the field 
units of the Army Arctic Test Center group. 

The receiving equipment in the ground stations consisted of loop antennas 
which were designed and built at the University of Minnesota. The loops were 
designed to have a thermal noise small compared with the lowest expected radio 
frequency noise level, This was actually achieved as the lowest RF noise level 
encountered was 0.1 yv/meter in the receiver bandwidth of 100 cycles at 70 ke 
measured on February 25, 1964, at Barrow. This noise level was 7 db above the 
thermal noise of the loop antenna. The loop system in the early spring operation 
of 1964 at Barrow.consisted of a single electrostatically shielded loop about six 
feet on a side composed of 20 turns of 3/16 in. diameter copper bus. A photograph 
of the loop is shown in Figure 23, Actually, the loop shown in Figure 23 includes 
also an inner loop which was added to the system for the summer operation and will 
be described more fully below. The loops were demountable as the copper bus was in 
the form of straight sections which were soldered together at the corners and the 
loops could be completely disassembled for crating. An accurate azimuth circle with 
vernier was attached to the loop base as shown in the second and third views, 
Figures 24 and 25, Radio bearings were first determined for the Barrow launch 
operation by nulling the balloon signal and measuring the angle on the azimuth circle. 
As the operation proceeded, several more accurate techniques were used with the 
single loop. For example, bearings of equal signal strength on each side of the 
null were averaged. This was done by hand and the readings recorded in the notebook. 
An alternative method consisting of swinging the loops slowly through the null and 
recording the loop position by a potentiometer pick-off and the RF signal strength 


simultaneously on a two channel chart recorder, It was necessary, of course, to 
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determine the bearing of true north for a reference which was done by sun 
sightings and local surveying. A small test loop which could be accurately aligned 
for this reference and was placed some distance from the radio receiving building 


with a signal generator operating at 70 kc. 
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The radio receivers were designed and built for the Pocibo project by 
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Dr. George Swenson of the University of Illinois and had a noise figure of 


+l db. The receivers were crystal controlled for stability and ease of tuning. 
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In Figure 25 may be seen a rack in which the top two units are two of the receivers 


delivered by Dr. Swenson. The telemetry signals were tape recorded on a Tanberg 

tape recorder driven at 1-7/8th inches per second by a precision frequency source 
F to maintain good stability. This stability needed Becsice of the digital data 
‘reduction system, A 100 watt Bogen power amplifier driven’ by a crystal controlled 
60 cycle oscillator source supplied power to the tape recorder and to clocks in 
sthe station. Power to the entire radio receiving station was supplied by a diesel , 


driven alternator, or example, an Onan 3 kilowatt installation was used at 
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Norway and was very satisfactory. The generator was located about 150 ft. from 
the station and contributed no noise provided that the power cables to the station 


were carefully shielded and grounded. 
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Radio bearings with the single loop system used in the early flights were 
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taken from Barrow and T-3 during the flight of Pocibo IV. These results are plotted 
in Figure 26, This figure shows the bearings as measured from T-3 and from Barrow. 
The balloon moved almost directly eastward from Barrow as can be seen and, therefore, 
the T-3 bearings decreased with time. A number of interesting features show on this 
figure, for example, shortly after the antenna drop when the signal was first heard 


at T-3 the bearings deviate quite a bit from the expected value shown by the line 
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marked Barrow from T-3. This is probably associated with the fact that the balloon 
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was heard at T--3 on skywave because of its low altitude and also possibly because 
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the very long antenna was going through sheer layers in the atmosphere and was 
not hanging vertically, Similarly, towards the end of the flight there is some 
scatter of the points as cbserved both at Barrow and T-3 which may reflect the 
skywave propagation becoming more important and also the antenna curling around 
as the unit descended on the parachute. It is clear that if the signal is being 
received on skywave and is reaching the station propagating downward from the D 
layer, that although the wave may be plane polarized, the polarization vector may 
be rotated if the antenna is not vertical, therefore producing an erroneous bearing, 
Figure 26, resulting from the Pocibo IV flight, is the only example where the 70 ke 
system was used on the balloon for direction finding because of balloon failures. 
The angular accuracy appears to be of the order of one degree if one uses smoothed 
curves drawn through the points as the balloon drifts and changes its bearing. 
The planned technique was to take at any given instant of time the directions given 
by the curves from the various tracking stations and compute the position by 
triangulation. 

A major difficulty with the single loop system is that it is not suitable 
for nulling on the signal and at the same time receiving the telemetry data. 
Accordingly, in the interval between the Barrow operation and the Norway operation 
a few months later,another loop system was designed and constructed with a null 
loop and a sense loop arranged at right angles on the same mounting. This is 
actually the system shown in Figures 23, 24 and 25 and was installed and used during 
the Norway operation and also at the Thule monitoring station during that time, 

At the same time, an automatic servo system was developed to aim the loops at 

the balloon. The servo system was capable of obtaining more accurate direction 
values in the presence of noise than could be obtained manually. The servo system 
was basically a cross correlation device (see Figure 27). The signal from one of 
the loops received through one of the receivers was multiplied by the signal from 


the other loop and the second receiver, The multiplication of the two signals was 
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accomplished by a-magneto-restrictive resistor pridge (American Aerospace Controls, 
Inc, Model No. MMA 3002 Mistor Multiplier). The two inputs of this multiplier were 
driven by the 935 cps signals from the two super-heterodyne receivers which were 
amplified by a dual channel power amplifier. To maintain the two receiver phases 
constant for this purpose, the local oscillators in one receiver were used for both 
receivers . 

The output of this multiplying device was integrated with a time constant 
of 21 seconds which provided an enormous discrimination against noise. Any 
difference in voltage from zero from the integrator drove the servo motor in such a 
direction as to reduce the difference, This system, like the simple system described 
earlier was calibrated for direction very accurately using a small 70 kc radio 
frequency signal generator located in a precisely known direction from the radio 
building. | 

If the received signal is a vertically polarized ground wave, the plane of 
the sense antenna will come to rest in the direction of the incoming wave. If the 
plane is not vertically polarized, and the incidence is not horizontal, the plane 
of the sense antenna will came to rest in the direction of the horizontal projection 
of the magnetic vector of the wave. The functional relationship for error in 
direction is: 

Tan E = Tan P Sin A’ where £ is the error in bearing, P is the 
rotation from vertical polarization and A is the angle of incidence. (See Figure 28). 
If the incident wave is elliptically polarized, the plane of the sense antenna will 
come to rest in the direction of the horizontal projection of the major or minor 
axis of the ellipse if the phase change in both channels from antennas to multi- 
plier is the same. However, if there is a relative phase difference introduced 
between the two channels, the antenna will point in a direction away from the 
horizontal projection of the major or minor axis with the same functional 
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relationship given above where E is twice the error. Tan P is minor axis over major 
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axis of horizontal projection and A is twice the phase difference (Figure 29), 

From both the Barrow and Andenes monitoring sites, accurate bearings were 
taken on certain fixed stations to check the operation of the direction finding 
equipment, During the Barrow operation bearings were taken by the single loop hand 
method on the Thule and Halifax radio teletype stations operating on 77.15 ke and 
73.6 ke respectively, The results of these measurements are shown in Figure 30 as 
a map using the gnomic projection with an estimate of the error in bearing obtained 
from the scatter of points taken at various times. Both of these transmitters are 
very high powered teletype stations using the frequency shift keying method, 
Measurements of the signal strengths of these stations were mentioned earlier 
(sec, III, "B", 2) and the Thule station seems to have been received on groundwave 
but the Halifax station produced a signal strength corresponding to an intermediate 
value between ground and skywave which is related to its greater distance from 
Barrow. 

During the summer operation at Andenes, sightings were made on a series of 
Decca type navigational stations which are mainly grouped around the North Sea- 
British Isles region but also with a group serving the Gulf of St. Lawrence area, 
These stations were useful for checking out the direction finding as they operate 
on a continuous tone and have modest power. A reasonably good bearing was obtained 
for the group at Newfoundland, 2700 miles distance from Andenes, but the North Sea 
group all gave large bearing errors, consistently in the same direction and which 
come from, at present, unknown causes, Possible explanations are coastline 
effects due to the mountains or seacoast near the Andenes tracking station or 
systematic effects produced by the phase differences of the four stations in each 
group as seen at the receiving site. This might result in a difference rasa the 
wave normal and the wave vector for the incoming radio frequency signal. The 
possibility of interference between ground and skywave and some polarization effects = 


may also be present, All of the Andenes bearings were taken with the automatic servo 


ERROR IN DEGREES 


60 


40 


Mm 
O 


.e) 


! 
M 
© 


~40 


—-60 


SOAS es 


ERROR IN BEARING OF CROSSED LOOPS FROM 
THE MAJOR AXIS OF THE ELLIPSE OF 


POLARIZATION AS A FUNCTION OF ECCENT— 
RICITY AND PHASE SHIFT 


a=INTERNAL PHASE SHIFT 


ie 4 6 8 1.0 
MINOR AXIS 
MAJOR AXIS 


Tirure 23 


Bay: 


aa 


a 


pire 
ase, 


f si 


a 
os 


-Figure 30 


Cha aA aie 


ra 
akon 


a 


ii 


-~ 67 - 


system described earlier, It seems that these large bearing errors may be 


characteristic of this particular ground station although on one of the 


Andenes flights, when the balloon was very close to the receiving station, 

it was noted that there was a bearing error of 15 or 20 degrees with a very 

strong signal, and the balloon clearly within eyesight of the station. However, 
this may have been due to the distortion of the signal by twisting of the long 
antenna in atmospheric sheer layers or refraction around the mountains or coastline 


lying between the station and the balloon. 


E. Data Reduction. 


The entire data acquisition scheme for Pocibo is shown in Figure 31. |The 
data is first recorded on magnetic tape at the ground station, The tapes are 
brought back to the Physics Department for analysis and are played back at 7-1/2" 
per second through a synchronizer and conditioner, Figure 32. ‘The playback speed 
is four times the recording speed. The conditioner punches a paper tape which 
provides a suitable input for computer analysis.The punched paper tape is indexed 
at the beginning with a notation giving the flight number, the reel number, the 
side number, the date, the time (time and date are referenced to the start of the 
paper tape), the bits per frame, time per frame and the sync code. The syne word 
code as mentioned earlier contains the Pocibo flight number, 

The punched paper tapes are read into the CDC 160 computer using its paper 
tape input reader at the Numerical Analysis Center at the University of Minnesota. 
The sync program decommutates the data by locating the syne word and arranging 
the bits in the correct order, It first reads the flight format from the paper 
tape, sets up its internal constants and writes the flight format on magnetic tape. 
Then it reads in 512 six bit words or 64 frames, It finds the bit position where 
in successive frames the sync word occurs most often. Then it writes the information 


on magnetic tape starting with a given syne word. Another program prints out the 
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The cata tapes are played back at 7-tfan age Second which is four times 
rhe recording specd of 1-7/6"/sec. The C.W. signal is detectec anc then 
Filtered by a 64 cps cutoff low pass filter. The filtere¢ signal is fed to 
he bit synchronizer and bit detector Simultaneously. A full wave rect ‘fier 
serves as the absolute value detector which dcubles the frequency of the 
‘urcamente!l comocnent of the bit rate. This forms @ coherent frequency (not 
hase shiftec like the filtered Signal). The coherent frequcncy is f’Itered 
-f Sicgebands @nd a focal oscillator is phase locked ontc if by @ phase lock 
oop. The output from the Iccal oscillator and the originally filterec 
ignal are multiplied together in tre crosc-correlat cn detector, The unwanted 
recucts from the multiplier are f  Itered hy a 32 cps cuteff low pass filter 
in; what remains iS 8 manchester coded N22 Signal. This signal is émplified = - 
Ing limited by the polarity detecter. The recordition.d tits and the 
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raw bits keeping track of the time by counting frames and multiplying by a 
constant of time per frame. This bit printout arranges the information and time 
in any desired spacing (see Figure 33). 

Further programs are available to filter the decommutated data and compute 
rates on the various instruments. The filter program effectively selects the bit 
in each frame corresponding to the binary output of one of the instruments, then 
examines this bit in an adjacent sequence of five frames. It determines whether 
ones or zeros are in the majority and assigns this bit to the third or central 
frame and records the time. It then advances this sequence one frame at a time 
and in effect produces a moving average of the data. This procedure narrows the 
bandwidth and corrects and removes the effect of spurious bits when working with a 
counting instrument which has a fairly regular counting rate. The filtering program 
which begins with the pacetie tape output from the sync program writes another 
output tape containing filtered data. The final program is then the rate 
computation program. It inputs the filtered data and computes the rate for each 
counting experiment between bit transitions. If more than one bit transition occurs 
in the predetermined interval in which the rate is being computed, it averages the 
rate over the number of transitions in that interval. The computed rates are 
written on another magnetic tape. This tape is used for a paper printout of the 
rates. 

The printed rates are then checked by manual means and cross-checked from the 
bit print-out. If the data has been derived from a very noisy signal, the sync 
program will still organize the frames, but in this case, the readout and rate 
computation is best done by hand. Also, difficulties sometimes occur with the 
paper tape reader of the computer which misses some data on the punch Less tape 
and causes some complications in the rate program. So far, the graphing of the 
various instrumental rates against time has been done by hand because the amount 


of data does not warrant devising a computer program for automatic digital plotting. 


ee 5a 


ATE hee PucIpoO 2 PEFL 1 SIDE 2 

rO YR wl Sfve JT uv Tee Clit ce TEMP Ak @ P T 

AR 63 Avivo AHN YOL i414 Off ytivu out tou en 1 Nn 4 4 0N0000000000000000 
tO 1gAL Jul 111 Yat 919 CL 1 vol UN 1 6 4 1 GHOOKDD0NNDD009000N 
teoaged yol 112 G64 9141 01 1 U11 UG 100 1 OnOnd00ONAD0O0NHDON 
teeqed yal t3L Und AIL tu 1 v41 CH 1 9 0 4 OnOODDOUnDD00000NN 
Hagel’ eb diu und 911 16 1 130 00 1 0 4 OndooNDOURHONOOODNN 
VHidey uni ate Orn o19 11 1 unl OF 1 nN 6 4 OnOOnOdNOnD0O0000NN 
teagel Gel ttl urd 916 11 1 1012 08 1 6 0 4 ONONONOGHHOOOOOOOND 
youd Hull 14 vou O14 OF 1 You OF 4 6 4 4 AONODDHGONHOOONODNN 
MeeNeL gil sts UNL O10 Ov 1 ut12 Of 100 1 OnOHd00OnDUHOO000N 
Type Wea cdL HEI AIL Ou 1 tiu ub 10 4 1 OnvOdOOUNDN0N0DNNN 
teorgnd Ged L112 U10 n141 OL 1 vou OF A 1 4 14 OnUNDOBdODN000000N0 
4c ned jel ctu utt 999 91 1 bau GH J fh O L GNOHDDDONNDDODDDON 
tergpd del bis utt ant ut t inu Of 10 41 1 DnOnd000KH000NRD0N 
tugtil wes Cog O40 AGL vl 1 14u OF 1h O 1 OnONDDDONNDDONDDNN 
TooryGl gua Adu N14 O19 Lu Lunu ul 410 1 4 GndOndonOnndD00000NN 
Tegel utd tts uih Sal du 1 d4u Gh 1 0 0 0 AMdONOdDO0HHOVDONDNN 
terued nob iti uta att lu 4d 1Ou UF 19 4:1 ONHNDHDOONONOONNND 
peor jynd nas tog 2tt o4e lu 1 dtu UG 1 4 t 1 QndaodveoendogngdNN 
reeded ues tea ot1 9Pt LL 1 unvu ve 1 0 nf 4 OnOnONdDONNnOGOONCONA 
bead@h ho tog ut) 9914 11 1 utu 06 1 6 4 1 On000000NnN00000000 

NR oS Tete er rned ea el ut41 M01 uu 1 Inu un 17 1 tL YnOnooodgnooOeOVaD 
segaeh ves ued wad aha at t itu fF 1 9 H 4 OnONDOOIANODO0N0COD 
Ty hdd owe yg bey wae yoat Li td unu ur 1 n 4 4 Anynooannnd0G000NN 
tyranl ves tel Yat 911 ye L ute UL 1 0 1 2 OnOoOOoUNNDO00G0DN 
Areewed dey ten ut gin ut J inu 06 1°49 4 1 OnOnaDOCOHNnOCOHO0NN 
ayeened day aes ued Jt te 1 144 of 19 0 4 ONnVO11000Nn00000000 
45 gel Woy tuys vot gsi du tf usl ul 1 9 O 4 0n0000001100000900 
teruel any £o ib uit 132 tu 1 vil bbo1n 114 OndOnonovaANnOGoOONON 
aero! d guy tos Uled 919 1a 1 ini ve 1 n ao 1 OndgdoNdoOnNCNONGON 
teugh) nel ous to ont J41 12 17 142 0% 19 1 1 DnONDDKONDD0ONHOOOA 
tH rgndt oye bo, bat udt Td 1 ul Of 4 8 1 4 0n0000009900000008 
ANE ANd Jeo tel £49 urn an 1 uvtu we tn Gg 4 YNOH0000NH00000000N 
thaded oa. Lek usd Hite ts 2 JO] bh 4 09 0 1 UNANDOOAAKOOOOODON 
therand vey toy Cot Hit uu t ld. ul 4 0 ff 1 GnNgododunnoO0000ON 
thoonel geo rea 1G Lyd de a uglu Of 1 fh 1 1 OndndgdoOnnVCOHgDON 
qu eyed dew i ytgu 249 41°21 viv OF 40 0 41 OnuNnd00d0HoOVnAONDOON 
tO yet Ney ee y udg tod Ge J us) 386 4 9 1 4 9N9HN0011000000000N 
Vege) Ue pol yo tat ur Lt tol OF 4 9 1 4 OnNndDHNNAHDD00RNNN 
4G09FT yey 1th UAL Tod ta d itv ar 4 n O 4 ANDNKOUHONHAIVOONOVOA 
ragel 98) Lty ute tug GL L voi Of 3 9 O 4 9NO0N0000170N00N00N 


Figure 33 


Pay ae 
IV. SOME SCIENTIFIC RESULTS OF POCIBO. 


A. An Interesting Balloon-Radiation Field Effect 


Pocibo flight number 2 launched from Fort Churchill on August 26, 1963, 
which floated for one and a half days showed an interesting radiation effect 
on the balloon which was measured and evaluated independently by a blackball type 
radiometer and an air thermistor, The balloon pressure height vs. time is shown 
in Figure 34, The flight was launched at night and when the balloon leveled at 
7.6 millibars, the air temperature was measured to be -39° and the blackball 
equilibrium temperature -35°, The blackball was of the shielded type designed 
by Gergen of the University of Minnesota. The balloon floated level through the 
first sunrise on the moming of August 26 and due to a temperature drift of the 
ballasting device dropped rue! its ballast by approximately 1730 on August 26, 
After this, the balloon floated without any ballast. At the time of balloon sunset 
on August 27th at about 0200 UT, the balloon descended,but because it was equipped 
with a duct type appendix, it was prevented from taking in air. It came into 
static balance again at a pressure height of about 30 mb. At this point, the air 
temperature had gone down to =-49° C but the blackball showed the radiation environ- 
ment to have remained at -56° C, The super heat gain of the balloon, assuming that 
it behaved like the blackball was therefore 4.5% which appears to be enough to have 
brought the balloon again into static balance and to compensate loss of lift due 
to cooling at sunset. At sunrise at about 1050 UT on August 27, the sunrise super- 
heat started the balloon upward and it eventually went all the way back to its 
original ceiling at about 8 mb, It again floated level until it was camanded down 
at 2100 on August 27. Balloons which take air on descent are even more subject to 
this radiation field environment than those from which air is excluded, but if air 


enters the balloon as it descends, this air mixes with the helium and the balloon 
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will not return to its original ceiling. The duct appendix which was attacned 

to the balloon well above the zero pressure level even with the balloon floating 
under ceiling altitude at 30 mb prevented any mixture of air. This flight, Pocibo 2 
documents very clearly why a balloon will often remain aloft during the night withou 
ballast and conversely why a balloon given a certain amount of freelift may be 
brought into static balance before reaching its Archimedes ceiling because of the 
cooling in the temperature field at high level. That is, the balloon is stable 


against both descent and ascent in this region, 


B, Cosmic Ray Total Ionization. 

All of the flights carried cosmic ray detectors. For example, the ion 
chamber and counter combinations which have been flown at Minnesota on many hundreds 
of flights for cosmic ray monitoring were included on the Pocibo packages, In 
addition, particle detectors designed and built by Hofmann for measuring the low 
energy end of the primary proton and a-particle spectrum were used, Some results 
of the ion chamber readings on the Pocibo program are shown in Figure 35 where we 
see measurements made during the sie 1963 and 1964 and in the spring of 1965 
on the "Little Pocibo" program. Here we see the increase in ionization, particular] 
near the top of the atmosphere due to the increase in the primary galactic spectrum 
as the solar cycle advanced through solar minimum from 1964 to 1965, These 


measurements are analyzed and reported in detail elsewhere*. 


C, The "Little Pocibo" Flights. 

1s Introduction 

Following the ballcon failures at Barrow and Norway in 1964, it became 
evident that the probability of getting the large Pocibo payload to goito ceiling 


and stay for a reasonable amount of time was too small to warrant further attempts 


*Proceedings, Ninth International Cosmic Ray Conference, London, September, 1965. 
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at this time. It was decided to scale down the payload and thus the balloon 
size by about a factor of 5, 

A 100 1b. payload prototype was completed in September 1964, It con- 
sisted of a dE/dX - E particle analyzer, an ion chamber, geiger counter, geiger 
counter telescope, temperature measuring device, and an a-tron altitude-ballasting 
device. Its data system was the standard Pocibo digital system with 8 six bit 
words at 32 bits/sec, transmitted via the 1638 kc transmitter. The payload 
itself weighed about 70 lbs and could hold about 60 lbs of ballast. 

The prototype gondola was flown on flight Pocibo 9 on 11 September 1964, 
utilizing a 300,000 ft3 G, M, balloon, The balloon performed excellently, carry~ 
ing the 100 1b load (including 30 lbs. of ballast) to a theoretical ceiling of 
7-1/2 gm/om? However, shortly after reaching ceiling, the transmitter modulation 
began to decrease and after about half an hour the signal was on constantly, ize, 
zero modulation. The flight cut on schedule after eight hours; however, the landing 
impact rendered the package useless for further flights. 

During the winter of 1964-65, three gondolas of this type were built, 
instrumented and checked out, They were flown from Barrow, Alaska on flights 
Pocibo 10, 29 April 1965; Pocibo 11, 4 May, 1965; and Pocibo 12, 12 May 1965, 

P-10 was carried aloft by a 3 x 10° a balloon which performed perfectly. 

However, the 1638 ke antenna did not deploy entirely and the signal was lost 

after one hour at a ceiling altitude of 7-1/2 gm/oem?, All instruments functioned 
normally. P-ll also used a 3 x 10° ft% balloon with the antenna deployed before 
launch on a smaller rubber balloon. Everything functioned normally except that 

the balloon was a leaker and after twelve hours of total flight time was back on 

the ground. Valuable charged particle information was obtained at various altitudes. 

After successfully testing a 108 ft? balloon with a dummy payload, P-12 was 
launched aboard a similar balloon with no ballast making the total payload only 


about 70 lbs. The balloon obtained a ceiling altitude of 127,000 ft(3-1/2 g/cm?) 
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and remained between 3-1/2 and 5 gn/am* for ~30 hours. All instruments fumetioned 
normally on this unusually good flight. 

2. Total Ionization and Proton Spectra. 

Figure 36 is a plot of ion chamber rate vs, atmospheric depth during the 
ascent of flight P~12. The turn-up of the curve in the last few grams has som 
interesting implications concerning the primary cosmic ray spectrum during solar 
minimum, (The period around 12 May 1965 was the absolute maximum in neutron monitor 
counting rates during the present solar cycle). Whether or not the turn-up can 
be accounted for by the proton spectrum measured on P-~12 is presently under 
scrutinization., Figure 37 is a ee plot of the dE/dx - E pulse height 
spectrum for the thin (dE/dx) and the thick (E) scintillation crystals from two 
hours at 3-1/2 gm/an?, The lines correspond to theoretical predictions for 
protons, deuterons and tritons. Figure 38 is a preliminary proton differential 
energy spectrum in the energy interval from 66 - 147 Mev at the top of the 
atmosphere, utilizing the measured secondary deuterons and tritons to correct 
for the secondary protons present at 3-1/2 gn/am? atmospheric depth. Also 
shown is the spectrum measured in 1963 indicating the increased influx of protons 
during absolute solar minimum. 


3. Measurement of the Isotopic Composition of Helium Nuclei in the 
Primary Cosmic Radiation in the Energy Interval 80-150 Mev/nucleon. 


On May 12, 1965, a dE/dx - E scintillation counter device was launched 
on a balloon from Barrow, Alaska (69.5° N geomagnetic lat.) as a part of the 
IQSY polar circling balloon (POCIBO) project. Total flight time was about 
31 hours with 26 hours of good data between 3.5 and 4,5 gm/ on? atmospheric 
depth. On this date the Deep River neutron monitor and the OGO-A ionization 


chamber in free space* indicated the highest counting rate during the current 


*See "Studies of Primary Cosmic Rays with Ionization Chambers"', S. R. Kane, 
J« R. Winckler and R. L. Arnoldy, Proceedings of the London Cosmic Ray 
Conference, September, 1965. 
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solar cycle. Thus the flight was made at absolute solar minimum in terms of 
particle influx. During the flight, the detector measured the spectrum of 
protons from 10 - 120 Mev at the detector, and helium nuclei from 25 - 100 Mev/ 
nucleon at the detector. The inherent mass resolution of the detector and the 
increased amount of data gathered (220 helium nuclei), compared with previous 
balloon measurements, permits the energy spectrums of the two resolved isotopes 
He? and He’ to be evaluated separately and thus to examine for the first time, 
the dependence of the ratio He3/Hes+Het on energy and rigidity. 

Figure 39 is a two-dimensional pulse height distribution from the 
deE/dX - E scintillation counters showing all events in the low gain helium mode 
during 26 hours of the flight. The smooth curves are the theoretical positions 
of the He? and He lines. Background due to nuclear interactions in the crystals 
is only a serious problem below 100 Mev total kinetic energy and this data has 
been excluded from the analysis. Data in the region >25 Mev/nucleon from the 
26 hours is shown as a mass histogram in Figure 40. Also shown are Gaussian 
distributions with 10% half-widths, the estimated resolution of the dE/dx 
scintillator for particles of this energy. Figures yl] and 42 ane the differential 
energy/nucleon and rigidity spectrums of the He? and He" components taken separately 
and grouped together and treated as He+, The data has been extrapolated to 0 gmn/ om? 
using appropriate range anerey data for the two species and the only flux correction 
amounted to an 8% increase due to atmospheric absorption and production by heavier 
nuclei, using the data of Freier and Waddington (1965). Also given in Figures 41 
and 42 are the ratios He3/He%+He in tems of energy/nucleon and rigidity. Over 
the interval from 80 - 150 Mev/nucleon, the ratio appears to be constant with energy/ 
nucleon, having a value of .19 with a statistical deviation of + .05 at any one 
energy/nucleon and + .035 if all particles are decaned Poeethen: The rigidity 
spectrums overlap around .8 Bv giving a ratio of .39 + ,.09 and the shape of the 
spectrums suggest that the ratio increases with decreasing rigidity and may be as 


high as .5 at .4 = .5 Bv. 
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The He?/HeS+He* ratio measured at the earth is dependent on the cosmic 
ray source spectrum, interstellar fragmentation of Het and heavier nuclei, 
propagational effects such as energy loss by ionization in interstellar hydrogen 
and acceleration or deceleration in interstellar magnetic fields, and local 
modulation by solar influences, The scarcity of de? in most stellar atmospheres 
implies that the major source of He? is spallation of He? and heavier nuclei in 
passing through interstellar hydrogen. It is of interest to note that mass 
spectrometer measurements of helium nuclei in a dozen iron meteorites revealed a 
mean He3/He%+Het ratio of .20 + ,03 (Signer and Nier, 1962). Since these data 
were obtained from the interiors of large meteorites, they are presumably 
insensitive to the primary cosmic ray abundances as the outer layers where such 
particles stop were burned away by passage through the atmosphere. This central 
concentration of He? is thought to be cue mainly to high energy cosmic ray protons 
causing evaporation of iron nuclei. Thus it is the inverse of the process by 
which heavy nuclei in the cosmic radiation produce He? by collision with intersteller 
hydrogen. The similarity of this ratio to that measured in the cosmic radiation 
is further support for the hypothesis that He? isa spallation rather than source 
product, Neglecting spectral changes due to energy loss or gain processes in 
interstellar space, one would expect the energy/nucleon spectrum of He? to be 
similar to that of He? in the near interstellar space free from solar modulation. 
The fact that the spectrums shown in figure (41) are the same indicates that at 
least at solar minimum the solar modulation has little effect on the observed 
He3/He*%+He ratio and it is thus very nearly the interstellar ratio. 

From several diffusion calculations of the path length in interstellar 
hydrogen as a function of the ratio He 3/He+He *, (Appa Rao, 1961; Foster and, Mulvey, 
1963; Dahanayake et al,1964) and using our measured ratio at solar minimu, we estimate 
the path length to be 6,5+1.5 ga/omé in the energy range 80-150 Mev/nucleon. 


Dahanayake et al (1964), 
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utilizing emulsions, found a ratio of .18 + .05 in the energy interval 160 - 
370 Mev/nucleon at high latitude in 1962, and Hildebrand et al (1963) report 

a ratio of only .06 + .03 in the energy interval 255 - 360 Mev/nucleon in 

1961. Since considerable discrepancies appear to exist between these 
measurements and because the energy range is higher, little can be said about 
the energy dependence or solar modulation dependence of the ratio by a com- 
parison of these values with those reported here. One might expect the ratio 
at 80 - 150 Mev/nucleon in 1965 to be significantly higher than the ratio at 
160 - 370 Mev/nucleon in 1962 because (1) The path length in interstellar 
hydrogen may be energy dependent, causing the ratio at lower energy to be 
higher. (2) Most theories of solar modulation predict a maximum in the ratio 
at solar minimum. From our data alone we note that the observed energy/nucleon 
spectrum of He3 is similar to that of He4, and that the measurement was made as 
close as possible to solar minimum in terms of particle influx. Neglecting 
spectral changes due to energy loss or gain processes in the interstellar 
medium, one would expect the energy-nucleon spectrum of the two species to be 
similar in the near interstellar space free from solar modulation. Since the 
spectrums also appear similar near the earth, one concludes that at solar 


minimum, the modulation has little effect on the observed He3/He3+Het ratio 


and it is thus probably close to the interstellar value in this energy interval. 


Sod aseieeitcie rile aie 


Pes 1: ae 


REFERENCES ; : 


M. V. K. Appa Rao, Phys. Rev. 123, 295 (1961). 
M, V. K. Appa Rao, J. Geophys. Res. 67, 1289 (1962). 


M, V. K. Appa Rao, C, Dahanayake, M. F. Kaplon and P. J. Lavakare, Proc. Int. 
Cosmic Ray Conf., Jaipur 3, 95 (1963). 


C, Dahanayake, M. F. Kaplon and P, J. Lavakare, J. Geophys. Res. 69, 3681 (1964), 
F, Foster and J. H, Mulvey, Nuovo Cimento 27, 93 (1963). 
P, S. Freier and C. J, Waddington, Space Science Reviews 4, 313 (1965). 


B, Hildebrand, F. W. O'Dell, M. M. Shapiro, R. Silverberg and B. Stiller, Proc. 
Int. Cosmic Ray Conf., Jaipur 3, 101 (1963). 


P, ‘Signer and A. 0. C. Nier, Researches on Meteorites , John Wiley and Sons., 
New York. 


V. THE LOGISTICS OF THE LAUNCHES AND THE TRACKING OPERATION. 

The first possible wintertime Arctic launch site investigated was 
Thule, Greenland. In September 1963, representatives of the balloon launching 
contractor, of the Air Force and of the University of Minnesota visited 


Thule Air Force Base -- 
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and discussed the problem of balloon launches. It was determined that certain 
areas 1n the air base would be indeed suitable for balloon launches and that 
between storms there were calm periods when a large balloon might be released 
from this location in mid-winter. Also, the air base is frequently serviced by 
air, and freight and personnel could be transported from the United States. 

The problem of a telemetry site was also investigated and one of the buildings 
formerly used as a meteorological station was examined. The cooperation of the 
U. S. Army Arctic Test Center was helpful in this respect. The next step was 
the requesting of permission to launch Pocibo type flights from Thule Air Force 
Base. This request was officially made by the U. S. State Department of the 
Danish Government. The request was refused; however, because of a possibility 
that the balloons would overfly Soviet territory and this site could no longer 
be considered. This was regrettable as the Thule location is generally quite 
ideal for the Pocibo idea because it is often located near the center of the 
wintertime cyclonic vortex. The Thule location was subsequently used as a 
telemetry monitoring site during the summer operation in 1964, It proved to be, 
however, noisy and generally unsuitable for the low level 70 kc reception which 
Pocibo required. 

The Barrow, Alaska site had been previously surveyed by Professor George 
Swenson of the University of Illinois, both for radio reception on 70 ke and for 
the balloon operation acting as consultant to the Pocibo project. Accordingly, 
arrangements were made through the Geography Branch of ONR, particularly Dr. Max 
Britton in Washington, D. C., to get the cooperation of the Arctic Research Lab, 
Barrow, Alaska for the operation. Barrow is accessible by ship only for a short 
time towards the end of the summer but almost daily air flights for both freight 
and passengers are available from Fairbanks on Wein Airlines. The decision was 


made to try some operations in the early spring of 1964 and accordingly the 


project was airlifted to Barrow from Fairbanks and personnel arrived on 24 January 


1964, the same day that the sun appeared for the first time at Barrow, ‘The 

Arctic Research Lab provided laboratory space of excellent quality, constructed 

a special telemetry building which was towed out onto the saltwater ice of a 
lagoon about 5 miles east of camp (See Figure 11), and generally housed and fed 
the project in fine order, The salt water ice with a radio ground which was 
simply sunk into the mud and salt water underneath the ice, made an excellent 
telemetry site which was far enough from the camp so that no RF noise disturbances 
were encountred, The balloon launches were carried out also on the lagoon ice not 
far from the telemetry building. The helium cylinders which had been airlifted to 
Barrow were mounted on a large sled and towed out near the launch site, Bulldozers 
graded off smooth places on the snow and the launchings took place without any 
major difficulties. One feature of this launch was the Pocibo launch sled which 
is shown in some of the accompanying photographs (Figures 2 and 11). This sled 
worked very successfully on the snow and launched the package unaided with a 
crosswind of 12 knots, The idea of this sled is that it merely chases the 

balloon and is arranged so that the package can be lifted out of the sled whenever 
the balloon is vertically over it. The sled supports the package until the balloon 
is able to lift it clear of the ground even when the entire assembly is travelling 
rapidly downwind. Experience with the sled on wheels in the Norway launches was 
not so favorable; however, as sudden jerks on the package tended to upset the 
cart. 

Through the cooperation of the Arctic Research Laboratory, a second 
monitoring site was set up on the drifting station know as T-3 which in January- 
February 1964 was located about halfway between Barrow and the North Pole and was 
being serviced several times per week by air enetie Arctic Research faboratory 
at Barrow. A 70 ke monitoring station was set up in an abandoned radome at the 


T-3 station and monitored a number of the flights launched from Barrow. Although 


Barrow proved to be an excellent site logistically, it was unfortunately too far 
from the center of the winter vortex to be useful for Pocibo flights. This was 
born out by the considerable amount of data studied during the Barrow operation. 
Daily 10 mb polar charts were obtained from the Stratospheric Research Branch 

of the U. S. Weather Bureau under the direction of Dr. Sid Teweles. Also, this 
group calculated trajectories for balloons from Barrow and forwarded them by 
teletype to the Arctic Research Laboratory. A considerable daily effort was put 
into examining the meteorology, the trajectories of the balloons, the height of 
the 10 mb pressure surfaces and the temperatures in the stratosphere. At no time 
during the spring period was a good Pacibo trajectory from Barrow forecasted. 

Some of the time Barrow was immersed in a jet stream between the Aleutian high 
and the Polar low-and the airflow went down over Canada and into Northcentral U.S. 
The best trajectory that occurred during this period went across Hudson Bay and 
crossed the British Isles, This would have been too southerly for a Pocibo flight. 
At one point, the high pressure system moved over Alaska and trajectories began 

to curve around in the Alaskan Peninsula. Several launchings were attempted 
under these circumstances as they would be confined to territorial U. S. As 
mentioned earlier in this report, the International situation was such that 
proper arrangements had not been made with the Canadian authorities for over- 
flights and the Pocibo operation at this stage had to be confined to territorial 
U. S. 

Following the completion of the tests at Barrow with their unfortunate 
consequences with the balloons as delineated earlier, it was decided to try a 
different type balloon and to attempt some summertime launchings from another 
place. Negotiations were made with the Norwegian Space Commission and parti- 
cularly through the University of Bergen Cosmic Ray Group headed by Dr. Harald 
Trefall who cooperated on the Norway launchings. The site selected was the 


Andéya Airfield located near the village of Andenes on the Island of Anddya on 


the north coast of Norway at a latitude of about 69.5 degrees. The entire 
operation was moved to Andenes with the heavy items going by water and flight 
equipment and personnel by air. 

Four launchings were attempted during this series as outlined in the 
schedule of launches. The launching operation was very satisfactory from the 
runways of the Andéya Airfield. Two-way communications were established 
between Anddya and the other 70 kc monitoring sites at Thule, Greenland and 
Barrow, Alaska with the assistance of the Norwegian Canmunication Office at 
Andéya. It was generally found that Andenes was not very good for reception 
of 70 kc signals because of the high spheric level in the summertime and because 
of the apparent effect of the coastline and mountains on the propagation charact- 
eristics at these frequencies. It was intended that the balloons released from 
Andéya would drift westward across the north Atlantic,crossing Greenland and the 
northern Canadian Islands in the summer easterly flow, This flow, however, was 
found to be very light, averaging 10 miles per hour or less. Actually, this 
velocity is too low to make a long range flight possible. This operation was 


concluded at the end of July 1964. 
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POCIBO FLIGHT SUMMARY 


POCIBO CODE NO. DATE ____LAUNCH LOCATION 


COMMENT 


1. 23 August 1963 Ft. Churchill 1.5 x 10° ¢t,% Raven Poly Balloon failed near ceiling. 70 kc antenna 
Manitoba reel failed, Balloon burst 40,000 ft. on descent. 
2. 26 August 1963 Ft. Churchill 1.5 x 108 ft.3 Raven Poly Balloon. Excellent flight, 31 hrs. 70 ke 
Manitoba antenna reel failed. Data from 95 MC channel. Unique radiation 
effect on balloon. - 
3, 3 March 1964 Pt. Barrow 1.5 x 108 ft.3 Raven Poly Balloon. Burst at 7.5 mb (109,000 ft.). 
Alaska 70 ke antenna drop 0. K. Ballast 0. K. Sig. O. K, Barrow and T-3. 
4, 6 March 1964 Pt, Barrow 1.5 x 105 ft.3 Raven Poly Balloon leaked and was cut down after 
Alaska 7 hrs. by low blow. Ballast did not drop as programmed. Good ! 
Sig. at Barrow and T-3. © 
1 
13 March 1964 Pt. Barrow 1.5 x 108 £ft.3 Raven Poly Balloon burst on release. Payload not 
Alaska airborne. 
5. 8 July 1964 Anddya Airfield 1.5 x 10© ft.3 Schjeldahl GT-66 Mylar Scrim Balloon. Leaked and 
Norway dropped load in sea. 70 ke antenna did not drop as alt. less 
than 10,000 ft. 
6. 12 July 1964 Andgya Airfield 1.5 x 108 £t.? Gr-@8 Balloon. Lost 165 lbs. lift prior to launch. 
Norway Picked up load for approx. 10 ft. Payload saved. 
a 139 July 1964 Anddéya Airfield 1.5 x 10 ft,3 Raven Poly Balloon. Perfect vertical launch. 
Norway Balloon burst 5.5 mb (above ceiling). Good 70 kc sig. All 
equipment working 0. K. 
8, 23 July 1964 Anddéya Airfield 1.5 x 108 f,3 Raven Poly Balloon. Perfect vertical launch. 
Norway Balloon burst 185 mb tropopause, 70 ke sig. good. All equipment 


working. 


LITTLE POCIBO FLIGHT SUMMARY 


POCIBO CODE NO. DATE LAUNCH LOCATION, COMMENT 


9, 11 September 1964 Minneapolis, GM 3 x 10° ft.3, 1/2 mil Polyethylene, 100 lb. gondola. (24 1b. 
Minnesota ballast). Good launch, Balloon went to ceiling (7.5 gm/am2) and 
remained to cut 8 hours after launch. Transmitter modulation went 
down during ascent and after half hour at ceiling data was unreadable. 


A. 18 March 1965 Pt. Barrow Test flight, 100 lb. payload, 300,000 cu .ft. balloon, launched 2310 UT 
Alaska Flight went to theoretical ceiling, terminated by sunset and low altitude 
release, nine hours duration, Balloon behavior excellent. 
10, 29 April, 1965 Pt, Barrow 300,000 cu.ft. balloon, 100 lb. payload, launched 0825 UTI. Balloon 
Alaska leveled at 7.5 millibars, close to theoretical ceiling. Payload con- 


tained the Hofmann cosmic ray experiment (dE/dX+E) and ionization 
chamber. Payload functioned normally. Radio signal was weak, however, 
and signal was lost after about two hours at ceiling. Suspect 1638 kc 
antenna ball did not deploy all the way due to cold. 


li. 4 May 1965 Pt. Barrow 300,000 cu, ft. balloon, 100 1b. payload same as flight 10, launched 
Alaska 1659 UT. Telemetry signal excellent. Balloon went to ceiling (7,5 milli- 
bars, 109,000 ft.) leveled for about 2 hours, then began a slow descent, 
presumably due to a small leak. Total flight time, 12 hours. Payload 
functioning--excellent., The slow descent, although not desirable for 
the primary objective, can be used in evaluating the effect of second- 


aries on the primary measurement. 
B. §& May 1965 Pt. Barrow Test flight of 1 million cu.ft. balloon, launched 0243 UT, 145 1b. 
Alaska payload, Went to five millibar ceiling and remained level for duration 


for test, 12 hrs. (and was terminated). This flight made only for 
balloon test. 


12, 12 May 1965 Pt, Barrow 1 million cu.ft. balloon,launched 2017 UT. This carried the complete 
ae Alaska payload like 10 and 11. Balloon performed perfectly floating between 
3.5 and 5 millibars and remained airborne for 31 hours. Flight was 
terminated by timer and balloon was from 500-600 miles distant from 
Barrow at a bearing of approximately 320°. Down point estimated to be 
77°N, 180°W. Preliminary analysis shows all instruments functioned 
properly so that flight is a total success. 
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VII. SUMMARY 


This report describes how the Pocibo balloon program was set up at 
Barrow, Alaska, and at Andenes, Norway. It describes the problems encountered 
with the balloons, meteorology and the Arctic environment. The report particularly 
emphasizes the technical features of the program, including the unique 70 ke long 
range radio tracking and communications system. This system was successfully used 
to transmit data from the Pocibo balloons and signal levels and directional 
measurements were made. The report describes in detail the Pocibo flight gondola 
including the electronic design of the telemetry and data encoding system, power 
supply, the thermal properties, and the complement of scientific instruments. 

The construction of the ground station, receiving antennas and FECCINeT Es and the 
method of data reduction is described in detail. 

The principal results of the Pocibo program consist of the experiences with 
the balloon launching, the Arctic conditions, the development of a:sled for the 
purpose of launching the heavy payload, the development of a telemetry and data 
system, the development of a direction finding system, the development of a new 
a-tron pressure sensor and the exploration of the International problems in the 
circumpolar flights of the Pocibo balloons. The scientific results include 
observation of atmospheric radiation effects on the balloons documented by 
auxiliary temperature and radiation measurements, measurements of cosmic ray 
total ionization, and particularly on the Little Pocibo program, the studies of 
the low energy primary cosmic rays, including protons and helium. One of the 
highlights of the program is the excellent resolution of the isotopes He? and 


He achieved in the Little Pocibo program in 1965, 
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Calibration curve for a-tron. 
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FIGURE NO, TITLE PAGE NO, 
ou 70 ke telemetry receiving equipment at 56 


Andenes , Norway. 
25 70 kc receivers and recording equipment, G7 


26 Bearings measured from T-3 and Barrow of 59 
Pocibo IV flight. 


a Automatic direction finding-principle of 61: 
operation, 
28 Bearing error due to rotation of polarization. 63 


(plane polarized waves), 


29 Bearing error due to elliptical polarization. 65 

30 Some bearings measured on fixed stations. 70 

ou Data reduction schematic for Pocibo, 68 

32 Signal synchronizer and conditioner. 63 

33 Raw bit print-out for Pocibo 2. eae 

34 Flight profile of Pocibo 2 showing 73 
radiation effects. 

35 Total cosmic ray ionization measured on Pocibo 7S 
flights, 

36 Ionization chamber rate vs atmospheric depth 78 


during the ascent of flight P-12 at Barrow, 
Alaska on 12 May 1965. Note increasing 
ionization in the region 6-3.5 gm/cm*. 


oo. dE/dx - E pulse height distribution from two 79 
hours of raw data at 3.5 gm/on*. AE is the 
energy loss in the thin dE/dx scintillator, 
E-sE is the energy loss in the thick E 
scintillator. Solid lines are the theoretical 
AE vs E-\E curves for protons, deuterons and 
tritons, 


38 Preliminary primary proton differential energy 80 
spectrum derived from the data in Figure 2,using 
the deuteron plus triton flux for secondary proton 
corrections. The 1963 spectrum was taken from data 
collected by Webber (1965) Handbuch der Physik, 
Volume 46/2, 
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FIGURE NO, TITLE PAGE NO. 
39 Pulse height distribution of the energy lost 82 


in the dE/dx crystal (AE) plotted versus the 
energy lost in the E crystal (E - AE) in the 

low gain helium mode. yomeoth curves are the 
theoretical He3 and He’ lines. Scattering of 
points below 100 Mev is due to nuclear interaction 
background, 


40 Mass histogram taken perpendicular to the helium 83 
lines between 1.5 and 5.5 mass units and 
E > 25 Mev/nucleon. Gaussian distributions 
superimposed were calculated for 10% half-widths 
as estimated for the resolution of the dE/dx 
scintillator. 


4 Differential energy/nucleon spectrums extrapolated 84 
. to the top of the atmosphere for He3, He? and the 
two taken together and treated as He". P 


42 i‘ Differential rigidity spectrums aa geen to: 85 
: the top of the atmosphere for Hes and the ~ 
two taken together and treated as ca, 
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